WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

B23K 26/00, H01R 43/02, H01H 11/04 


Al 


(11) International Publication Number: WO 97/39855 
(43) International Publication Date: 30 October 1997 (30.10.97) 


(21) International Application Number: PCT/GB97/01 150 

(22) International Filing Date: 25 April 1997 (25.04.97) 

(30) Priority Data: 

9608482.7 25 April 1996 (25.04.96) GB 


(81) Designated States: DE, GB, US, European patent (AT, BE, 
CH, DE, DK, ES, PI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE). 

Published 

With international search report. 



(71) Applicant (for all designated States except US): STRIX LIM- 

ITED fGB/GBJ; Forrest House, Ronalds way, Isle of Man 
IM9 2RG (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): TAYLOR, John, Crawshaw 
[GB/GB]; Cronk my Chree, Arbory Road, Castletown, Isle 
of Man IM9 4HA (GB). 

(74) Agent: JACKSON, Robert, Patrick; Frank B. Dehn & Co., 179 
Queen Victoria Street, London EC4V 4EL (GB). 



(54) Title: ELECTRICAL CONTACTS 
(57) Abstract 



An electrical contact is formed from a 
BeCu leaf spring (2) to which is welded a 
short length of silver wire (3) by means of a 
series of laser spot-welds (4). The spot welds 
are formed in the acute angle (5) between the 
leaf spring (2) and the wire. The wire (3) 
extends over the edges of the spring (2). 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI Cole dTvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

OK Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


Lesotho 


SI 


FI 


Finland 


LT 


Lithuania 


SK 


FR 


France 


LU 


Luxembourg 


SN 


GA 


Gabon 


LV 


Latvia 


sz 


GB 


United Kingdom 


MC 


Monaco 


TD 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


GH 


Ghana 


MG 


Madagascar 


TJ 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


GR 


Greece 




Republic of Macedonia 


TR 


HU 


Hungary 


ML 


Mali 


TT 
UA 


IE 


Ireland 


MN 


Mongolia 


IL 


Tsrael 


MR 


Mauritania 


UG 


IS 


Iceland 


MW 


Malawi 


US 


IT 


Italy 


MX 


Mexico 


uz 


JP 


Japan 


NE 


Niger 


VN 


KE 


Kenya 


NL 


Netherlands 


YU 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


KP 


Democratic People's 


NZ 


New Zealand 






Republic of Korea 


PL 


Poland 




KR 


Republic of Korea 


PT 


Portugal 




KZ 


Kazakstan 


RO 


Romania 




LC 


Saint Lucia 


RU 


Russian Federation 




LI 


Liechtenstein 


SD 


Sudan 




I,K 


Sri Lanka 


SE 


Sweden 




LR 


Liberia 


SG 


Singapore 





Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



WO 97/39855 



PCT/GB97/01150 



Electrical Contacts 

5 The present invention relates to electrical contact 

assemblies of the type having a contact member carried 
by a conductive support member, and in particular, but 
not exclusively, to such contact assemblies wherein the 
contact member is formed of silver. The term "silver" 

10 used hereinafter is intended to include both fine silver 
and silver alloys produced to alter the properties for 
specific applications . 

At the present time, a large number of silver 
contact constructions are known. Silver is particularly 

15 preferred as a contact material in view of its excellent 
electrical and thermal conductivity and because during 
use, the oxide coating formed on the contact is also 
electrically conductive. Fine silver (99.9% pure) is 
usually used to produce electrical contact faces since 

2 0 this grade of purity gives optimum properties of low 

electrical interface resistance, wear resistance, long 
life, current rating, minimum contact pressure, small 
size, formability etc. for a given cost. This grade of 
silver is the preferred alloy used in most applications . 

2 5 To give a harder contact member or one with improved 

weld resistance, particularly at higher temperatures, 
other materials such as nickel, copper or cadmium oxide 
may be alloyed with the silver. 

Initially silver contact members were formed from 

3 0 silver wire formed into a contact head and shank, the 

shank being used to rivet the contact member on to a 
conductive strip member. However this led to 
unacceptable high usage of silver with high cost 
implications. This led to the development of composite 
35 contact members which comprised a silver contact facing 
welded or diffusion bonded onto a copper backing and 
rivet shank. The contact member was then riveted onto a 
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conductive strip member, as in the earlier construction. 
This type of contact member is widely used today, but is 
not as competitively priced as before in view of 
increased assembly costs relative to the price of 
silver . 

It has also been proposed by the present applicant 
to press fit a slug of silver wire directly into a hole 
provided in a leaf member formed of beryllium copper 
(BeCu) . In this process the hole in the leaf member has 
an upstanding rim and is designed to provide an 
interference fit with the slug which has a slightly 
larger diameter than the hole. Subsequently, the plug 
is coined in a die to form the contact member. However, 
although this process makes more efficient use of silver 
than the more conventional rivetting method, it still 
uses more silver than necessary to account for contact 
wear. Furthermore, the dies have a limited life and 
must be replaced at regular intervals* 

It has also been proposed to weld silver contact 
0 members directly on to a strip member. It is difficult 
to weld silver to certain strip members, such as 
beryllium copper leaf members, since BeCu gives a 
brittle, crystalline weld. Furthermore, since both 
silver and BeCu are very highly conductive, an extremely 
5 high current is required if they are to be electrically 
welded. Further, the welding electrodes of spot -welding 
apparatus are normally of a material similar to BeCu 
which leads to the problem that the electrodes may 
actually bond to the components rather than the 
0 components bonding to each other. 

One proposal to overcome this problem has been to 
use a trimetallic tape of silver with nickel and 
stainless steel backing layers which is punched and 
trimmed and then fed automatically to be welded in 
5 place. However this tape and the machinery required to 
produce this type of contact is very expensive, and 
production is comparatively slow, with a maximum rate of 
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less than 30 contacts per minute. A further problem is 
that it is necessary to stop production at frequent 
intervals in order to clean the electrodes. 

According to the invention there is provided an 
5 electrical contact assembly comprising an electrically 
conductive support member and a contact member laser- 
welded thereto. 

The invention also extends to a method of forming 
an electrical contact assembly comprising the steps of 

10 providing an electrically conductive support member and 
laser welding a contact member thereto. 

Thus, by means of the present invention, the bond 
between the contact member and the support member is 
formed by laser welding. This allows high conductivity 

15 materials such as silver and beryllium copper to be used 
without the problems associated with the known processes 
using electric welding. In particular, there is no 
physical contact between the welding apparatus and the 
assembly. Moreover, the wasteful use of expensive 

20 contact material (eg. silver) to form a mechanical 

connection as in the prior art riveting processes is 
avoided. Thus, a simple, single-metal contact member 
using the minimum quantity of material may be employed. 
As a result, it is possible to form contact assemblies 

25 by means of a simple process which makes efficient use 
of materials. 

Although a wide variety of materials can be used to 
form the contact assembly, the contact member material 
preferably has a very low electrical resistance (eg. 

30 silver, silver alloy or gold) , and the support member is 
a good conductor. Where a spring- contact is required, 
the support member preferably also has resilient 
properties (eg. BeCu alloy). 

The welding is preferably carried out using known 

35 techniques in which a spot of laser light is directed at 

the assembly. Although a single weld could be employed, 
it is preferred that a plurality of spot welds be used. 
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These may be formed using a single laser source arranged 
to provide pulsed laser beams having optically focused 
spots of for example about 0.25-0.35 mm, eg. 0.28 mm in 
diameter. Between pulses, the beam may be re-directed 
5 optically or in some other known manner. Alternatively, 
the contact assembly may be moved relative to the laser 
source. The assembly may be arranged to move in a 
series of steps, with each step aligning the assembly 
for one or more welds. However, since the laser pulses 

10 will generally be very short (in the order of 

microseconds), the movement may be continuous. Thus, by 
moving the assembly past the laser source (s) at a 
constant speed, regularly pulsing laser source (s) will 
provide evenly spaced spot welds . 

15 Although it might be possible to weld the contact 

member through the support member, this is not 
preferred. This is because the support member will 
usually be highly thermally conductive, so requiring a 
very large energy input to effect a weld. Accordingly, 

20 therefore, the weld is preferably formed by the laser 
being directed at the contact/support interface. 

One problem that may occur when certain, 
particularly reflective materials, such as silver, are 
used is that the laser beam may be reflected without a 

2 5 significant proportion of its energy being absorbed. To 

overcome this problem, the contact assembly is 
preferably arranged such that an acute angle is defined 
at the interface between the support member and the 
contact member and the weld(s) is/are formed within this 

3 0 acute angle. In this way, a "wedge" is formed into 

which the beam may be directed. As a result, the beam 
reflects back and forth within the wedge, and a 
proportion of its energy is absorbed each time. Thus, 
although only a small proportion of the energy of the 
35 beam is absorbed at each reflection; by means of these 
multiple reflections, the beam 1 s energy is largely 
absorbed. This leads to rapid heating of the joint, 
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resulting in an efficient weld. 

The contact member or the support member may be 
specially shaped, eg. by chamfering, to obtain the acute 
angle, but preferably the contact member is formed from 
5 a material having a curved cross - sect ion . Thus, where 
the contact member meets the support at a tangent, an 
acute angle is formed. 

Preferably the contact member is circular in 
section, being formed for example, of wire cropped to 

10 length. 

The invention is applicable to a wide variety of 
contact assemblies. For example, the squat - cylinder 
shaped contact member which is common in "rivetted" 
prior art may be laser-welded to a leaf spring contact. 

15 However, since the contact member no longer needs to 

form a "rivet" in order to secure itself to the support 
member, more economical forms of contact may be used. 
One particularly preferred form is for the contact 
member to be elongate and to extend across the surface 

2 0 of the support. Thus, if the contact assembly comprises 
a leaf-spring, the contact member lies in a plane 
parallel to the plane of the spring. This is very 
useful when the contact assembly is designed to co- 
operate with a further contact whose position is not 

25 precisely confined. If the elongate dimension of the 

contact member is aligned in the direction in which the 
other contact may move, then it is easy to accommodate 
such movement with the minimum quantity of contact 
material. Generally, where a leaf -spring is used, this 

30 requirement will dictate that the contact be roughly 
perpendicular to the elongate dimension of the leaf- 
spring . 

Such a contact assembly is, in itself believed to 
be novel and inventive, and therefore, from another. 
35 aspect, the invention provides an elongate electrically 
conductive support member and an elongate contact member 
mounted on the face of the support such that the 
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longitudinal axis of the contact member is generally 
parallel to the face of the support. 

Preferably, the contact member extends 
substantially across the face of the support. In fact, 
the contact member may even extend beyond the edges of 
the support. As discussed above, the contact member 
will frequently be generally perpendicular to the 
longitudinal direction of the support. However, other 
arrangements may be used, depending on the application. 
For example, if a pair of contacts is to be formed using 
elongate contact members mounted on respective supports, 
it may be preferred to mount one of the contact members 
parallel to the axis of its support and the other 
perpendicular. In this way, the contact members will be 
mutually orthogonal, thereby facilitating alignment of 
the contacts and accommodating relative movement between 
the contacts. 

Suitable elongate members can be easily and cheaply 
obtained by cutting a suitable length from a wire. This 
approach also facilitates automation of the process 
since a roll of wire may be used to feed an assembly 
line. If the wire is cut only just before, or even just 
after the welding occurs, then material handling is 
greatly simplified. 

It will be appreciated that, although wire having 
virtually any cross - section may be used, if normal, 
round- section wire is used, then the acute angle 
referred to above will be formed between the contact 
member and the support member. Thus, a very simple and 
economical assembly is formed from just a support 
member, such as a leaf -spring, and a length of wire. 

Although the use of round wire directly from a roll 
will generally be satisfactory, in some high current 
applications, a round- section contact member may not 
provide a sufficiently large contact area for electrical 
conduction between the contact member and a further 
contact with which it co-operates. Accordingly a length 
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of wire may be formed into a generally flattened 
section, eg. by rolling. In this way the contact 
surface area is increased, whilst avoiding an increase 
in material usage and retaining the advantageous acute 
angle of the interface between the components to 
facilitate welding. Furthermore, the area of contact 
between the contact member and the support member is 
also significantly increased. 

The precise way in which the components are welded 
together will depend on the final application of the 
contacts . The welded connection to the support may be 
formed along one side of the contact member only. This 
generally provides a satisfactory connection and allows 
for a comparatively simple production line because it is 
only necessary to arrange the laser (s) to direct beam(s) 
to one side of the assembly. However, a stronger result 
is achieved if at least opposite sides of the contact 
member are welded. Apart from allowing twice the area 
of welding, this also provides a further advantage when 
a flexible support member is used. This is that, as the 
assembly cools after being welded, the contact member 
will be pulled into greater contact with the contact 
member, thereby improving the contact between them. 

Although the invention has been described above 
with reference to leaf -spring support members, as may be 
used in movable contacts, the invention may also be 
readily applied to other forms of contacts for example 
fixed contacts in which the support member may be rigid. 
For example, a rigid contact pin may have a contac: 
member laser welded to its end. One application fcr 
such pins is in cordless kettles where rigid pins are 
formed on the base of the kettle for co-operation with 
the contacts of a base unit. In such applications, 
there is inevitably a significant variation in the 
precise position in which the kettle is located on the 
base by the user. As a result, an elongate contact 
member, as discussed above, is preferred which is laser 
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welded along the end of the pin. It is particularly 
preferred for this to be used in combination with 
another contact assembly having a further elongate 
contact member (eg. on a leaf -spring, also as discussed 
5 above) , the contact members being arranged substantially 
perpendicular to each other. In this way, variation in 
position of the contacts in two orthogonal directions 
can be accommodated. 

Certain embodiments of the invention will now be 
10 described, with reference to the accompanying drawings : - 

Fig. 1 is a plan view of a leaf -spring contact 
assembly according to the invention; 

Fig. 2 is a side elevation of the assembly of Fig. 

1; 

15 Fig. 3 is a plan view of a contact pin assembly 

according to the invention; 

Fig. 4 is a side elevation of the assembly of Fig. 
3 ; and 

Fig. 5 is a schematic view corresponding to Figure 
20 1 onto which an end elevation of the contact pin 

assembly of Figure 3 has been super- imposed in phantom. 

The contact assembly 1 illustrated in Figs. 1 and 2 
comprises a BeCu leaf spring 2 to which is welded a 
short length of silver wire 3 by means of a series of 
25 laser spot welds 4. As may be seen from Fig. 2, the 

spot welds are formed in the acute angle 5 between the 
leaf -spring 2 and the wire 3. The wire 3 extends over 
the edges of the spring 2 . 

In order to form such an assembly, the leaf-spring 
30 2 is cut to size and then a suitable length of silver 
wire is cut from a roll. The two components are then 
held together by a jig before being welded with a series 
of laser spot welds. 

The laser welds are formed using a pair of similar 
35 SOW laser sources on opposite sides of the assembly. 

The focused heads of the sources are located 50-60 mm 
away from the assembly and focused to provide a 0.28 mm 
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spot. They are arranged such that the beam from the 
laser is at an angle of 55° to the leaf -spring 2 to 
allow access to the wedge-shaped interface 5 between the 
components . 

5 The jig holding the assembly 1 is aligned with the 

laser sources ready to form the first weld. Then the 
laser emits a 1.5 ms pulse having a peak power of 1.9 
kW . The assembly 1 is then moved into position for the 
next weld 4 and the process is repeated until all the 

10 welds have been completed. Using a standard SOW laser, 
about 17 welds per second may be made on each side. 
Thus, with an efficient indexing arrangement, the 
welding for a single assembly may easily be completed in 
less than a second. 

15 Figs. 3 and 4 show a contact pin assembly 10 formed 

from a rigid terminal pin 12 and a flattened silver wire 
13 mounted on its distal end. This is formed in 
virtually the same way as the leaf -spring arrangement 
discussed above except that the wire 13 is rolled before 

2 0 being applied to the pin 12. Thus, the wire 13 is 

located against the end of pin 12 and a series of spot 
welds 14 are formed along either side thereof . The oval 
section of the flattened wire 13 gives an increased area 
of contact between itself and the support 12 giving 

25 improved thermal and electrical contact. 

It will be appreciated that the embodiments of 
Figs. 1 and 2 and Figs. 3 and 4 could be combined in a 
cordless electrical connector, the contact assembly 1 
being arranged in a base connector and the pin contact 

30 assembly being provided in the base of an electrical 
appliance. Fig. 5 shows such an arrangement in which 
the longitudinal axes of the spring 2 and pin 12 are 
arranged at right angles to each other to allow 
electrical contact to be made between the pin and spring 

35 with some misalignment of the components. This avoids 
the need to, say, provide traditional inverted contacts 
on the leaf -spring which would otherwise have to be 
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substantially of the same diameter as the length cf the 
pin, representing a considerable saving in material 
costs. Such an arrangement may be employed in a 
cordless kettle in which three ieaf^spring assembles 1 
are located in the base unit to co-operate with three 
pins 10 forming the terminals in the base of the kettle. 
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Claims 

1. An electrical contact assembly comprising an 
electrically conductive support member and a contact 
member laser-welded thereto. 

2 . An electrical contact assembly as claimed in claim 
1, comprising a plurality of spot welds. 

3 . An electrical contact assembly as claimed in claim 
1 or 2 , wherein the weld(s) are formed at the interface 
between the contact member and support member. 

4 . An electrical contact assembly as claimed in claim 
3, wherein an acute angle is defined at the interface. 

5. An electrical contact assembly as claimed in any 
preceding claim, wherein welds are formed on opposite 
sides of the contact member. 

6. An electrical contact assembly as claimed in any 
preceding claim, wherein the contact member is elongate. 

7. An electrical contact assembly as claimed in claim 

6, wherein the contact member comprises a length of 
wire . 

8 . An electrical contact assembly as claimed in claim 

7, wherein said wire is circular in section. 

9. An electrical contact assembly as claimed in claim 
1, wherein the wire is flattened into an' oval section. 

10. An electrical contact assembly as claimed in any of 
claims 6 to 8 , wherein the contact member is generally 
perpendicular to the longitudinal axis of support 
member . 
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11. An electrical contact assembly as claimed in any 
preceding claim, wherein the contact member is formed of 
silver or silver alloy. 

12 . An electrical contact assembly as claimed in any 
preceding claim, wherein the support member is formed of 
copper or copper alloy. 

13 . An electrical contact assembly as claimed in any 
preceding claim, wherein the support member is a leaf- 
spring . 

14. An electrical contact assembly as claimed in any of 
claims 1 to 11, wherein the support member is a rigid 
pin . 

15. An electrical contact assembly as claimed in any 
preceding claim, in co-operation with a further 
electrical contact assembly also as claimed in any 

3 preceding claim, the contact members of the contact 
assemblies each being elongate and being generally 
orthogonal to each other. 

16 . A method of forming an electrical contact assembly 
5 comprising the steps of providing a conductive support 

member and laser welding a contact member thereto. 

17. A method as claimed in claim 16, wherein the 
welding comprises forming a plurality of spot welds. 

0 

18. A welding method as claimed in claim 16 or 17, 
wherein the contact member is located against the 
support member so that an acute angle is formed 
therebetween, and the laser welds are formed within the 

5 angle. 



19. An electrical contact assembly comprising an 
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elongate conductive support member and an elongate 
contact member mounted on the face of the support such 
that the longitudinal axis of the contact member is 
parallel to the face of the support. 

5 

20. An electrical contact assembly as claimed in claim 
19, wherein the contact member extends substantially 
across the face of the support. 

10 21. An electrical contact assembly as claimed in claim 
19 or 20, wherein the contact member is generally 
perpendicular to the conductive support member. 

22. An electrical contact assembly substantially as 
15 hereinbefore described with reference to the 

accompanying drawings . 

23 . A method of forming an electrical contact assembly 
substantially as hereinbefore described with reference 

2 0 to the accompanying drawings. 
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flattened wire gives an increased area of contact between itself and the 
support giving improved thermal and electrical contact. 
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and support member is significantly increased. 
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